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The rotary flexure bearing described herein has applications
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spaceborne systems, as well as flip-in mechanisms used 1n
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ROTARY FLEXURE BEARING
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BACKGROUND OF THE INVENTION

This mvention generally relates to a flexure based rotary
guide bearing. Flexures have been used successtully in
simple and mexpensive as well as complicated and expensive
motion systems for centuries. Since they operate by bending,
not rolling or sliding, flexures have the inherent advantage of
friction-free motion. This key feature allows engineers to
build positioning systems with nearly unlimited precision and
accuracy. They are also easy to design and fabricate. How-
ever, even with these desirable attributes there are few flexure
based bearings available commercially. Theretfore, it 1s com-
mon practice for an engineer to design custom flexure sys-
tems while developing a new mechanism. The rotary tlexure
bearing described herein 1s particularly well suited for inte-
gration 1nto precision motion systems and opto-mechanical
mechanisms where friction-free rotation over a limited angu-
lar range 1s required. It also has a flexure configuration that
scales easily without compromising the operating principle,
making this concept a convenient basis for a family of rotary
flexure bearings. In addition to applications 1n precision
mechanics, this bearing can be used 1n hostile operating con-
ditions (extreme temperatures, extreme changes 1n tempera-
ture, vacuum, corrosive environment, contaminated environ-
ment . . . ) that normally prohibit use of conventional
bushings, rolling element bearings, or gas lubricated bear-
Ings.

SUMMARY OF THE INVENTION

Motivation for the proposed rotary flexure bearing 1s par-
tially based on the limited availability of high quality rotary
flexure bearings. The operating principle of the most popular
commercial offering continues to be based on a design from
the mid twentieth century (U.S. Pat. No. 3,073,584, Troeger,
1963, and U.S. Pat. No. 2,931,092, Humphrey, 1960). Con-
sequently, there are some shortcomings associated with these
flex-pivots that engineers have had to overcome or accept.

Four of the shortcomings are:

1) The operating principle of these flex-pivots 1s based on
beams which bridge the gap from a fixed base to a free
section. The beams cross each other at 90° in the relaxed
state, creating an instantaneous axis of rotation where
they cross. When the free section is rotated, the beams
bend thereby shifting the axis of rotation away from the
relaxed location. The deformed shape of these beams 1s
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a Tunction of angular deflection, so the location of the
ax1s of rotation 1s a function of angular detlection.

2) Since the central portion of these tlex-p1vots 1s occupied
by the beams, it 1s not possible to use them 1n a system
where mechanics or light must pass through the flex-
pivot unobstructed along the major axis.

3) These flex-pivots are typically made of multiple pieces
of 400 series stainless steel that have been brazed
together. This choice of material and fabrication tech-
nique favors mass production but limits application to
environments bemgn enough for 400 series stainless
steel and the brazing material. Failure of any brazed joint
could cause catastrophic system failure.

4) In addition to a constantly shifting axis of rotation and
multiple single point failure sites, the radial stifiness of
this beam arrangement 1s not radially symmetrical.

Readily available high quality materials and manufactur-

ing techniques that were not available at the time these flex-
p1vots were concelved can be used to create high performance
alternatives. The proposed rotary flexure bearing addresses
the shortcomings listed above as follows:

1) The operating principle of the proposed rotary flexure
bearing 1s based on multiple compound flexure stages
that have been arranged into concentric circular seg-
ments. The resulting system 1s a rotary flexure bearing
with a fixed axis of rotation.

2) The compound flexure stages used in the proposed
rotary flexure bearing do not occupy the central portion
of the rotary flexure bearing. A centrally located hole
passing through the mner hub can be used to allow
mechanics or light to pass through the proposed rotary
flexure bearing unobstructed along the major axis.

3) The proposed rotary flexure bearing 1s a seamless mono-
lithic structure. The axial cross-section of the proposed
rotary tlexure bearing remains constant along the entire
length permitting use of the wire EDM process for fab-
rication of this rotary flexure bearing from any metal.
This constant axial cross-section also simplifies the
design of a mold for making the proposed rotary flexure
bearing from non-metallic materials such as plastic.

4) The radially symmetrical design of the proposed rotary
flexure bearing yields a radially symmetrical stifiness.

DESCRIPTION OF THE SEVERAL VIEWS OF
THE DRAWING

FIG. 1: Perspective view of the proposed rotary flexure
bearing.

FIG. 2 Front view of the proposed rotary tlexure bearing
shown at the relaxed state.

FIG. 3 Front view of the proposed rotary flexure bearing
shown rotated.

FIG. 4 Front view of the proposed rotary flexure bearing
shown at the relaxed state and rotated.

DETAILED DESCRIPTION OF THE INVENTION

A compound flexure stage 1s the basis of the proposed
rotary flexure bearing. To help illustrate the operating prin-
ciple and design of this compound flexure stage, a rotary
flexure bearing with three compound flexure stages 1is
described herein. Each compound flexure has exactly four
blade flexures. All twelve blade flexures are the same thick-
ness, width, length, and made of the same material, therefore
have the same stitiness. The two inner blade flexures 1 1n each
compound stage connect the outer hub 2 of the rotary flexure
bearing to an intermediate link 3. The two outer blade tlexures
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4 1n each compound stage connect the inner hub § to the
intermediate link 3. Fach of the three compound stages is
defined by one 1nner blade flexure stage, having exactly two
blade flexures, and one outer blade flexure stage, having
exactly two blade flexures. The mner blade flexure stage
consists o the inner blade flexures 1 and the mntermediate link
3 while the outer blade flexure stage consists of the outer
blade flexures 4 and intermediate link 3. The intermediate
link 3 1s shared by both the mner and outer blade flexure
stages and allows the two stages to work together as a com-
plete compound flexure stage. The 1inner blade flexure stage
has two functions. The first 1s to serve as a pivot for the
intermediate link 3. The inner blade tlexure stage guides the
intermediate link 3 around the rotary flexure bearing major
axis. The second function 1s to foreshortening the same
amount as the outer blade flexure stage so that the system of
four blade flexures 1n the compound flexure stage 1s not over
constrained. The use of tlexures that have the same geometry
and stiffness 1n the inner and outer stages makes this compli-
mentary foreshortening possible, and the complimentary
foreshortening allows the compound flexure stage to operate
over large angular detlections while experiencing low stress.
The outer blade flexure stage rotates around the rotary flexure
bearing major axis with the mner hub 5 and also with the
intermediate link 3 which 1s guided by the inner blade flexure
stage. Therefore the inner and outer blade flexure stages expe-
rience the same angular displacement, and the same blade
flexure foreshortening. The two outer blade flexures 4 work
together as springs in parallel between the inner hub S and
intermediate link 3. The two inner blade flexures 1 work
together as springs 1n parallel between the intermediate link 3
and the outer hub 2. As a system, the outer blade flexure stage
flexures and mner blade flexure stage flexures work together
as springs in series between the mner hub 5 and outer hub 2.
Referring to FIGS. 4 and 5, when the 1mner hub 5 is rotated
with respect to the outer hub 2 the intermediate link 3 also
rotates around the bearing major axis, but only half as much as
the inner hub 5. This 1s because the intermediate link 3 1s at the
mid span of what 1s essentially a continuous spring bridging,
the gap between the mner hub 5 and outer hub 2. The deflec-
tion of the spring at mid-span 1s half the deflection at the end.
Since the blade tlexures have the same stifiness and share the
same loading, all twelve bend the same amount 1n the same
“S” shape. They also experience the same amount of fore-
shortening at the same rate of change while the 1inner hub 5
rotates with respect to the outer hub 2. This common and
simultaneous change 1n blade flexure length results in out-
ward radial translation of the intermediate link 3 while the
inner hub axis of rotation remains constant and coaxial with
the bearing major axis.

Unsupported free ends of flexures are a source of instability
in some multiple flexure mechanisms. These free ends are
casily excited by external shock and vibration as well as the
normal motion of the mechamism. The imntermediate link 3 1s
at the free ends of the blade tlexures 1n the compound stage
used 1n this rotary tlexure bearing design. However, the inter-
mediate link 3 1s not free to move 1n an 1ndependent fashion
like the 1inner hub 5 or outer hub 2. When the hubs are fixed,
the intermediate link 3 1s also fixed. When the inner hub 3 1s
rotated the outer blade flexures 4, which move with the inner
hub 5, rotate the mtermediate link 3 which 1s guided by the
inner blade flexures 1. This regulated motion 1s made possible
by the non-parallel blade flexure arrangement in the com-
pound stage. If the four blade flexures were parallel to each
other, the intermediate link 3 would be free to move while the
blade flexures bend independent of inner hub 5 or outer hub 2
movement. Since the four blade flexures are not parallel, an
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over constrained condition exists when attempting to move
the intermediate link 3 independent of the inner hub 3 or outer
hub 2. The intermediate link 3 1s not free to move indepen-
dently, so this flexure arrangement 1s not subject to undesir-
able excitations of the flexure free ends. The controlled
motion of the intermediate link 3 in this compound flexure
stage helps to reject external disturbances and creates a fast
settling mechanism.

Lateral clearance between the edges of the blade flexures
and 1nstrument mounting surface 1s required for iree opera-
tion of the flexure bearing. This clearance can be achieved by
relieving the mstrument mounting surfaces adjacent to the
blade flexures or relieving the face of the flexure bearing 7
leaving raised coplanar pads 8 on the bearing inner hub 5 and
outer hub 2. Features such as screw holes and dowel pin holes
can be machined into these coplanar pads 8 to ease integration
and alignment.

What 1s claimed 1s:

1. A rotary flexure bearing, comprising:

an 1ner hub having a substantially cylindrical core which
has a clear and unobstructed hole passing through the
entire length of said substantially cylindrical core and a
plurality of essentially equal length radial spokes fixed
to said substantially cylindrical core which extend radi-
ally outward from the outer surface of said substantially
cylindrical core;

an outer hub having a substantially cylindrical interior that
1s greater in diameter than the major diameter of said
plurality of spokes on said mner hub and having the
major axis ol said substantially cylindrical interior
aligned coaxially with the major axis of said substan-
tially cylindrical core of said inner hub;

a compound flexure stage which connects the outermost
end of adjacent said spokes on said inner hub to the
substantially cylindrical interior of said outer hub com-
prising a {irst stage having exactly two essentially 1den-
tical first stage tlexure members having the outermost
end of each said first stage tlexure members fixed to said
substantially cylindrical interior of said outer hub and
the innermost end of each said first stage tlexure mem-
bers fixed to a circular segment member located on a
radius greater than the major radius of said inner hub
cylindrical core and less than the radius of said outer hub
cylindrical interior, and a second stage having exactly
two second stage tlexure members which are essentially
identical to said first stage flexure members with the
outermost end of each said second stage flexure member
fixed to the outermost end of said adjacent spokes on
said 1nner hub and the innermost end of each said second
stage flexure member fixed to said circular segment
member to which the mnermost end of each said first
stage flexure member 1s also fixed;

wherein the two first stage flexure members and two sec-
ond stage flexure members are each formed as a blade
having a thick width and a thin length, each blade being
oriented such that the thin length 1s perpendicular to the
major axis of said substantially cylindrical core of said
inner hub, while the thick width 1s parallel to the major
axis of said substantially cylindrical core of said inner
hub; and

wherein each flexure member blade 1s flexible along the
thin length between the mnermost end and outermost
end 1nto an “S” shape, such that the inner hub and outer
hub are capable of axial rotation with respect to one
another.
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2. The rotary flexure bearing of claim 1 wherein: all mem-
bers described in claim 1 are formed from the same piece of
material creating a seamless and continuous monolithic struc-
ture.

3. A rotary flexure bearing comprising:

a substantially cylindrical outer hub;

a substantially cylindrical 1mner hub concentrically
arranged with the outer hub, and having at least two
radially extending legs, wherein each of the at least two
legs forms a circumierential projection extending
beyond both sides of the leg at a distal end of the leg
away from the inner hub;

four outer blades, one of the four outer blades extending
towards the substantially cylindrical inner hub from an
edge of one of two sides of the circumierential projec-
tion of each of the at least two legs, each of the four outer
blades being tlexible;

at least two intermediate links positioned in a space

between the outer hub and the inner hub, each interme-
diate link being directly connected to two adjacent legs
of the at least two legs by one of the outer blades from
cach adjacent leg; and

two 1nner blades extending from each of the at least two
intermediate links, the 1nner blades of each of the two
intermediate links directly connecting the two interme-
diate links to the outer hub.

4. A rotary flexure bearing comprising:

a substantially cylindrical outer hub;

a substantially cylindrical inner hub concentrically
arranged with the outer hub, and having two radially
extending legs, wherein each of the two legs forms a
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circumierential projection at a distal end of each of the
two legs, away from the mner hub;

a first outer blade extending inwardly toward the substan-
tially cylindrical inner hub from an edge of the circum-
ferential projection of a first of the two legs, a second
outer blade extending inwardly toward the substantially
cylindrical inner hub from an edge of the circum{ierential
projection of a second of the two legs;

an intermediate link positioned 1n a space between the
outer hub and the inner hub, the intermediate link being,
connected to the first outer blade on a first side, and the
second outer blade on a second side;

two 1nner blades extending from the intermediate link
directly connecting the intermediate link to the outer
hub:;

wherein the first and second outer blade, and the two 1nner
blades all have a thick width and a thin length, each blade
being oriented such that the thin length 1s perpendicular
to a major axis of the substantially cylindrical inner hub,
while the thick width 1s parallel the major axis of the
substantially cylindrical inner hub; and

wherein each of the first and second outer blades and the
two 1nner blades being flexible along their thin lengths
into an *“S”” shape, the first and second outer blade having,
lengths between the two legs and the intermediate links,
the two mnner blades having lengths between the inter-
mediate link and outer hub, the first and second outer
blade, and two mner blades being configured such that
the substantially cylindrical inner hub and substantially
cylindrical outer hub are axially rotatable with respect to
one another.
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